Many animals hesitate when initially consuming a novel food and increase their consumption of that food between the first and second sessions of access-a process termed attenuation of neophobia (AN). AN has received attention as a model of learning and memory; it has been suggested that plasticity resulting from an association of the novel tastant with "safe outcome" results in a change in the neural response to the tastant during the second session, such that consumption increases. Most studies have reported that AN emerges only an hour or more after the end of the first exposure to the tastant, consistent with what is known of learning-related plasticity. But these studies have typically measured consumption, rather than real-time behavior, and thus the possibility exists that a more rapidly developing AN remains to be discovered. Here, we tested this possibility, examining both consumption and individual lick times in a novel variant of a brief-access task (BAT). When quantified in terms of consumption, data from the BAT accorded well with the results of a classic one-bottle task-both revealed neophobia/AN specific to higher concentrations (for instance, 28 mM) of saccharin. An analysis of licking microstructure, however, additionally revealed a real-time correlate of neophobia-an explicit tendency, similarly specific for 28-mM saccharin, to cut short the initial bout of licks in a single trial (compared with water). This relative hesitancy (i.e., the shortness of the first lick bout to 28-mM saccharin compared with water) that constitutes neophobia not only disappeared between sessions but also gradually declined in magnitude across session 1. These data demonstrate that the BAT accurately measures AN, and that aspects of AN-and the processes underlying familiarization-begin within minutes of the very first taste.
Introduction
If they are to survive, animals must strike a delicate balance between cautious avoidance of potentially dangerous objects in the environment and willingness to take advantage of potentially useful objects in that environment. In the context of feeding, this balancing act effectively limits the intake of novel foods; even relatively palatable novel foods are often consumed in limited quantity until they have been experienced with no adverse consequences.
Such hesitation to sample a novel food, which is called neophobia (or "bait shyness"), attenuates as the food becomes familiar; the "true" palatability of that food is only revealed in the second encounter (Domjan 1976) . The attenuation of neophobia (AN) has been extensively studied in rodents, partly to help us understand the basis for our own feeding habits (Pliner and Salvy 2006; Henriques et al. 2009 ) and to facilitate management of pest species and domestic animals (Herskin et al. 2003 ).
An extensive literature makes it clear that neophobia and AN depend not just on the taste itself but also on a host of other factors, including species (Miller and Holzman 1981; Wong 1995) , age (Misanin et al. 1985; Mickley et al. 2000; Pelchat 2000; Morón and Gallo 2007) , and a host of internal state variables such as arousal level (Wesierska et al. 1988) , thirst (Navarick and Strouthes 1969) , and anxiety (Fudge et al. 2006) . In addition, a stimulus' quality (Miller and Holzman 1981) , concentration (Domjan and Gillan 1976; Miller and Holzman 1981) , and form (Wong and McBride 1993) all affect how much neophobia and AN an animal will express.
Despite this complexity of factors, the phenomenology of AN is consistent across the above studies: all report a significant increase in palatability (typically defined in terms of preference compared with water) between a first and second tasting session. A consistent suggestion, stated explicitly in Dogterom and van Hof (1988) , is that AN cannot be observed for more than an hour following initial exposure. In an explicit test, Green and Parker (1975) first detected AN in consumption after a 90-min delay (asymptote was reached 6 h later). Most studies since have restricted their analysis of AN to a comparison of session 2 and session 1 consumption (Gutierrez et al. 2003; Bahar et al. 2004; Figueroa-Guzman and Reilly 2008; Pedroza-Llinás et al. 2009 ).
Such a protracted time course makes sense, given the fact that AN has been described as a form of learning whereby the association of taste with a "safe" outcome causes cellular plasticity (Bermúdez-Rattoni 2004; De la Cruz et al. 2008) . Plasticity mechanisms underlying learning involve time-extensive cascades of molecular events (Rosenblum et al. 1993; Rodriguez-Ortiz et al. 2005; Pedroza-Llinás et al. 2009 ), such that many forms of learning only consolidate, that is, stabilize, across the hours following training trials (for review, see Dudai 2004) . The time course of AN may be similarly protracted.
Still, it may be premature to conclude that AN does not occur on shorter time scales. Real-time neophobia-related phenomena could be obscured in standard consumption measures, which tend to be noisy across short time periods. Certainly, analyses of real-time licking behavior, termed "licking microstructure" (Davis 1989) , have revealed a great deal about consumption preferences, most notably (for current purposes) demonstrating that the length of licking bouts covaries with palatability (Davis and Perez 1993; Hsiao and Fan 1993; Myers and Sclafani 2001, see Materials and methods) and revealing subtle differences in the palatability of sucrose and saccharin (Smith et al. 1987) .
Although licking microstructure within the context of AN remains largely unexplored (Lin et al. 2012) , an oft-used definition of neophobia strongly implies a particular pattern of licking-neophobia has been explicitly described to be in terms of "an initial hesitation" during sampling (Rozin 1977; Rusiniak et al. 1979; Johnson 2000) . It is, therefore, reasonable to consider the possibility that AN might be observable in "real time" when quantified in terms of the length of the initial lick bout prior to a pause.
Here, we consider precisely this possibility. First, we validated use of a brief-access task (BAT) as an AN paradigm, showing that consumption data (measured in terms of overall numbers of licks) from a two-tastant BAT yields comparable results to those from a classic one-bottle test (a neophobic response specific to higher saccharin concentrations). Analysis of licking microstructure further demonstrated that neophobia is specifically associated with a short first lick bout and revealed that this neophobic tendency toward short initial lick bouts gradually declined across the first tasting session. Thus, this work reveals that AN begins within minutes of the very first exposure.
Materials and methods

Subjects
Female Long Evans rats (N = 46, all ~90 days old upon delivery) from Charles River Laboratories were singly housed on a 12-h light/dark cycle (light on from 7 AM to 7 PM) and given 3-4 days to acclimatize to their new environments with ad libitum access to water and food pellets (PMI Rodent Chow 5P00; PMI Nutrition International). Following acclimatization, rats were placed on restricted water schedules, comprising 1-h access at the same time each afternoon. Testing ensued 7-9 days after the onset of restriction, timed to occur 60-90 min prior to the hour of afternoon access. Rats were monitored daily to ensure that they reliably consumed chow and maintained 85% of their initial body weight. The study was approved by the Institutional Animal Care and Use Committee at Brandeis University, and all methods were performed in accordance with the Institutional Animal Care and Use guidelines.
Stimuli
Sodium saccharin (referred to as "saccharin" or "sacc" throughout) was used for these experiments. We chose to deliver saccharin for several reasons: 1) sacc responses have been well characterized in numerous studies of rat ingestive behavior (Domjan and Gillan 1976; Dess 1993) , 2) although sucrose is ubiquitously pleasing, rats demonstrate widely varying preferences for different concentrations of sacc (Smith et al. 1987) , and 3) sacc has relatively few postingestive effects.
For the one-bottle experiment, concentrations were selected that spanned at least 2 log units (0.89, 2.8, 8.9, 28 , and 89 mM) and a broad range of preferences compared with water (Tordoff et al. 2008) . To simplify further data collection and between-task comparisons, a pair of concentrations was then selected from this battery for examination in the two-tastant BAT-one for which AN in the one-bottle experiment was significant and one for which it was not. Solutions were prepared with deionized water on the day of use.
One-bottle experiment
Subject rats (n = 30) were divided into 6 groups, each of which received one stimulus (water or either 0.89-, 2.8-, 8.9-, 28-, or 89-mM saccharin) for four 30-min sessions following 7 days of adaptation to stimulus delivery from a lick spout descending from the top of its home cage (this lengthy adaptation procedure, which was applied in parallel with acclimatization to water restriction, matched the brief-access procedure below). Sessions were administered once per day at roughly the same time every day. Consumption (in milliliters) was recorded after each session. As we observed no significant changes in consumption between sessions 2 and 4, only the first 2 sessions were analyzed for the current study.
Two-tastant bottle BAT experiments
Rats (n = 16) were tested in a clean Davis MS-160 Lickometer apparatus (DiLog Instruments) at approximately the same time each day. Each BAT rat was habituated to the testing chamber and trained to drink water across 7 days (a period during which they also acclimated to water restriction) and then placed in one of 2 groups. One group received a higher (28 mM, "high sacc") concentration and one a lower (2.8 mM, "low sacc") concentration of saccharin.
Each session was 40 trials long. At the start of each trial, a shutter was raised to allow the rat access to a single lick spout for 15 s; the shutter then descended, and a 15-s period of no access preceded the initiation of the next trial. After animals reached a stable level of water consumption in adaptation sessions, 4 tasting sessions ensued that were identical to water sessions except that the 40 trials were divided into 10 blocks of 4 trials, each of which included 2 water trials and 2 saccharin trials. Within-block order of stimulus delivery was randomized, and within-session changes in performance were quantified in terms of consumption in number of licks and length of initial lick bouts (see below). As in the one-bottle test, we observed no significant changes following the second testing session and, thus, analyzed only the first 2 sessions.
Consumption analysis
Consumption of water and saccharin was recorded and analyzed using Excel (Microsoft Corp.), SPSS, and Matlab (The MathWorks). Although fluid spillage and evaporation may have exerted a small influence on consumption measurement, these factors were minimal and unrelated to the experimental condition, and we, therefore, refer to this measurement throughout as reflecting a rat's fluid intake.
Milliliters of saccharin consumed were divided by the total consumption (i.e., C sacc /[C water + C sacc ], with C water here being the average consumption of the water group) to provide a saccharin preference score bounded by 0 and 1. A score of 0.5 represents the lack of preference for either fluid, whereas a preference for saccharin is represented by scores higher than 0.5 (and a preference for water by scores <0.5). Preference scores calculated in this manner are typically consistent with other measures of "palatability" such as taste reactivity (Grill and Norgren 1978; Forestell and LoLordo 2003; Caras et al. 2008) , which means that an increase in the saccharin preference score across sessions or trials can be reasonably interpreted as evidence of increased saccharin palatability (assuming that the increase is not a simple function of reduced water consumption, see below).
This preference/palatability estimate provides the foundation of our quantification of neophobia (and the attenuation thereof): Animals were said to be neophobic if the preference score for the first session was significantly lower than that for the second session, and AN was determined by the difference between the preference scores of both days. This formalism has 3 particularly relevant implications: 1) a rat that does not demonstrate neophobia does not demonstrate AN (and vice versa)-the increase in preference score between sessions 1 and 2 is central to both definitions, 2) neophobia does not actually imply that the taste is non-preferred in session 1-if a rat mildly prefers a taste in session 1 but prefers it significantly more in session 2, then the rat starts out definitionally neophobic to the taste, and 3) relatedly, the fact that a taste is non-preferred in session 1 does not necessarily imply neophobia.
Similar calculations were brought to bear on BAT data, with one difference: Because each rat sampled both water and saccharin in each block of trials, within-subject preference scores were calculated as saccharin consumption divided by total consumption for the same block. A useful property of this approach is that it allows us to control for changes in overall consumption that naturally occur across the span of single sessions as rats near satiation (de Araujo et al. 2006 ) or withdrawal from the task (Fontanini and Katz 2005) . By normalizing saccharin consumption to water consumption within a single block, we were able to detect cases in which saccharin preference increased across this period, independent of reductions in overall consumption.
Lick-bout analysis
Figure 1 presents a schematic of the licking data (and analysis thereof). Licking occurs in rhythmic bouts (centered on 6-7 hz, depending on the rat) separated by longer pauses. The lengths of lick bouts have been found to be reasonable markers of preference: they are longer for more palatable tastes (Hsiao and Fan 1993; Spector et al. 1998; Lin et al. 2012) , for more preferred concentrations of sucrose (Davis and Perez 1993; Davis 1996) , and after learning-induced preference increases (Myers and Sclafani 2001) ; they are shorter, meanwhile, for more aversive concentrations of quinine (Hsiao and Fan 1993) as well as for tastes to which aversions have been learned (Dwyer 2009 ). Lick bout length can even reflect subtle palatability-related differences that are difficult to discern in overall consumption, such as that between sucrose and saccharin (Smith et al. 1987) .
If lick bout length tracks palatability, it follows that bout length should increase with AN, which reflects enhanced preference/palatability (in fact, this has been shown to be the case in between-session analysis, see Lin et al. 2012) . Given the definition of neophobia as involving a "hesitation" in initial consumption of a newly presented taste (Rozin 1977; Rusiniak et al. 1979; Johnson 2000) , it is by extension reasonable to hypothesize that neophobia/AN will be observable specifically in the length of that initial lick bout. We tested this hypothesis, specifically testing for increasing ratios of saccharin to water initial lick bout lengths across the course of sessions. Observed increases were evaluated in terms of the correlations between ratio and blocks of trials; for ancillary analyses, we used the differences between ratios in the first and last quarters of the sessions (3 blocks) as indicators of changing preferences.
Pauses delineating the cessation of licking can theoretically be of any length longer than the normal interlick interval itself. Careful examination, however, has suggested that pauses between lick bouts fall into 3 categories-one averaging approximately 0.3 s in length, a second averaging more than 1 s in length, and the third averaging more than 50 s in length (Davis 1996; Spector et al. 1998) . In our task, the liquid is available for only 15 s at a time, such that only the first of these pause types seems a likely candidate for delineating lick bouts in our data set-even 1.5-s pauses will likely divide the trials into too few bouts for reliable statistics (see Results)-but we evaluated lengths of first lick bouts using a range of criteria for lick bout end, starting with 250 ms and increasing in 50 ms increments.
All statistical analyses were t-tests and analyses of variance (ANOVAs) conducted using two-tailed distributions (unless otherwise indicated) and an alpha level of 0.05.
Results
AN is dependent on saccharin concentration in the one-bottle test
We first assessed neophobia using a standard test in which rats had access to a single stimulus for 1 h per day in their home cages on 2 consecutive days. The result of this test (total consumption in milliliters) is presented in Figure 2A . Individual-samples t-tests revealed saccharin consumption in the 0.89-, 2.8-, and 8.9-mM groups to be similar to water consumption (0.89: t(8) = −1.19, P = 0.27; 2.8: t(8) = −1.01, P = 0.34; 8.9: t(8) = 1.29, P = 0.23) during session 1. The 2 highest concentrations of saccharin evoked significantly less consumption than did water (28: t(8) = 3.58, P = 0.007; 89: t(8) = 12.71, P < 0.001).
Consumption of 0.89-and 2.8-mM sacc remained similar to water in session 2 (0.89: t(8) = −1.50, P = 0.17; 2.8: , in milliliters, across the first and second tasting session. More saccharin (8.9 mM) was consumed than water in session 2; less saccharin (28 and 89 mM) was consumed than water in session 1, and in addition, less saccharin (89 mM) was consumed than water in session 2. (B) The preference scores (saccharin consumption divided by the sum of saccharin and water consumption) are shown for sessions 1 (dashed line) and 2 (solid line) across concentrations (x axis); consumption above 0.5 means that the saccharin is preferable to water (horizontal dotted line). AN is observed between sessions 1 and 2 for the 3 highest saccharin concentrations. In both panels, the 2 concentrations identified for further testing ("low sacc" and "high sacc") are noted. Error bars represent 1 standard error of the mean. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. more 8.9-mM sacc was consumed in session 2 than water (t(8) = −2.29, P = 0.05), and 28 mM consumption became similar to that of water in session 2 (t(8) = 0.034, P = 0.97); 89 mM consumption remained significantly lower than water (t(8) = 6.613, P < 0.001) despite increasing. Although AN (i.e., the increase in saccharin consumption between sessions 1 and 2) was similar for these 3 concentrations, the resultant session 2 preference structures after AN were very different.
To compare the relative intake across concentrations and sessions more directly, we normalized the data to create saccharin preference scores, which are presented in Figure 2B . It is clear that in the first tasting session (dashed line), lower concentrations of saccharin were similarly preferred to water (the horizontal dotted line at 0.5), whereas higher concentrations were less preferred, perhaps a result of the increasingly bitter after-taste, which accompanies such high saccharin concentrations (Bartoshuk 1979) . A one-way ANOVA of these data revealed a significant effect of concentration (F(5,24) = 20.192, P < 0.001), and post hoc Tukey Honestly Significant Difference tests revealed that the 2 highest concentrations were significantly less preferred compared with water than the lower concentrations (28 mM: P = 0.007; 89 mM: P < 0.001). The effect of concentration on preference was also significant during session 2 (F = 10.331, P < 0.001).
It is also clear, from comparing the session 1 data to the session 2 data (solid line), that AN occurred with the 3 highest concentrations. The apparent difference between the session 1 and session 2 curves was examined with a two-way (session × concentration) repeated-measures ANOVA, which revealed the expected significant effects of session (F(1,4) = 765.962, P < 0.001) and concentration (F(4,16) = 27.739, P < 0.001) as well as a significant interaction between these 2 (F(4,16) = 8.761, P = 0.001). Using paired-samples t-tests, we found significant changes specifically in the upper 3 concentrations of saccharin between session 1 and session 2 (8.9 mM: t(4) = −3.43, P = 0.03; 28 mM: t(4) = −4.40, P = 0.01; 89 mM: t(4) = −9.18, P = 0.001). The one-bottle test results thus suggest that rats show AN for high (but not lower) saccharin concentrations-results that are broadly consistent with earlier work (Tordoff et al. 2008) .
There was no evidence that water consumption varied between sessions 1 and 2 (t(4) = 2.14, P = 0.10), thus the results of this ANOVA purely reflect changes in saccharin preference between the 2 sessions. To simplify comparisons, we restricted further data collection to one concentration for which there was virtually no evidence of AN (2.8-mM saccharin, "low sacc") and one for which there was strong evidence of AN (28-mM saccharin, "high sacc").
Consumption data from the BAT are consistent with those from the one-bottle test
We next set out to validate use of the BAT as an AN paradigm. Rats (n = 16) were divided into low-and high-sacc groups for the BAT. Analysis of whole-session consumption (quantified now in terms of number of licks) for each group is shown in Figure 3 , which is organized analogously to Figure 2 ( i.e., raw consumption of saccharin and water for each group in panel A and saccharin preference for each group in each session in panel B). As was true in the one-bottle test, low sacc consumption in the BAT did not differ significantly from water consumption in either session, whereas first session high sacc consumption was significantly less than that of water (t(7) = 4.38, P = 0.003). A two-way repeatedmeasures ANOVA (session × concentration) of the preference data in Figure 3B revealed significant effects of session (F(1,7) = 28.73, P = 0.001) and concentration (F(1,7) = 10.02, P = 0.02) in addition to a significant interaction between the (F(1,7) = 22.85, P = 0.002). These results demonstrate that in the BAT, as in the one-bottle task, neophobia (and, thus, AN) occurs in response to high-concentration saccharin solution but not to low-concentration saccharin.
Paired-samples t-tests revealed that for neither the lownor high-sacc groups was there a significant change in water consumption across session. The reduction of water consumption neared significance for high sacc (t(7) = 2.23, P = 0.06), however, a fact that likely reflects a genuine effect: When 2 solutions are available, consumption of each will inevitably be affected by consumption of the other, given an overall ceiling on consumption reached as the rat's stomach fills; we suspect that this effect may well have become more robustly significant in a larger sample, but as it has no bearing on the results discussed below, we did not pursue the possibility.
To more definitively test the convergent validity of onebottle and BAT results, we directly compared the preference data in Figures 2B and 3B using a three-way (task × concentration × session) ANOVA. This test revealed, as expected, significant main effects of both concentration and day and a significant interaction between these 2 (F(7,51) = 20.256, P < 0.001; F(7,51) = 18.343, P < 0.001; and F(7,51) = 14.821, P < 0.001). There was neither a significant main effect of task, however, nor any significant interactions of task with other factors (all Fs < 1.5). We conclude that at the level of consumption, the 2 tasks provide highly similar information. This analysis validates the use of the BAT as an AN paradigm, providing further confirmation that rats experience AN for high but not low concentrations of saccharin.
Block-by-block analysis of initial lick bouts reveals rapid AN
We moved on toward our direct test of whether explicit hesitancy to sample an initially novel taste-that is, the length of the first lick bouts on encounters with the taste-might reveal within-session AN, by first validating (analogous to the above) the use of this novel variable for detecting the basic AN phenomenon. Figure 4A shows that rats in fact hesitate after taking only a few licks of novel high sacc in the first few blocks of session 1-the initial lick bouts for high sacc were much shorter than for water; furthermore, this tendency to hesitate early to high sacc compared with water disappears by session 2 ( Figure 4B ; t(7) = 2.61, P = 0.04). First bouts to low sacc, meanwhile, were neither shorter than those to water in session 1 nor different from session 1 to session 2 (Figure 5A ,B; t(7) = −0.83, P = 0.43). The concordance of this overall pattern with the analyses above demonstrates that AN toward high sacc can be operationalized not only in terms of consumption but in straightforward terms of the hesitation to maintain consumption of a novel taste.
Furthermore, by this measure, neophobia attenuated not only between sessions but in "real time." Although the length of the initial water and high-sacc lick bouts declined steadily across the session (as did overall lick totals, data not shown), this decline is more precipitous for water (r 2 = 0.7538) than for saccharin (r 2 = 0.1886, t difference (19) = −7.26, P < 0.0001). Thus, the tendency to pause earlier during licking of high sacc (i.e., the rats' relative preference for water, measured in terms of initial lick bout length) became smaller from block to block ( Figure 4C )-that is, the preference for high sacc increased in a linear manner across session 1 (R 2 = 0.579; t(9) = 3.32, P < 0.01). By the end of session 1, the sacc/water ratio approached the level at which it stabilized in session 2 (R 2 = 0.049; t(9) = 0.64, P = 0.54). Although a sacc/total ratio can conceivably increase purely because of reductions in water (or total) licking, this potential confound fails to account for this within-session high sacc AN. The gradual reduction in session 2 consumption did not cause an increase in high-sacc preference measured in terms of initial bout lengths, for instance, nor did similar declines in consumption across both session 1 and 2 of low sacc cause any appreciable within-session changes in this measure of preference ( Figure 5C ; session 1: r 2 = 0.283, t(9) = 1.13, P = 0.29; session 2: r 2 = 0.044, t(9) = 0.61, P = 0.56). Furthermore, whole-data set correlations between the within-session change in first lick-bout sacc/water ratio (first quarter-session ratio minus last quarter-session ratio, see Materials and methods) and similarly calculated withinsession changes in consumption (water or total; Figure 6 ) failed to approach significance.
The effect evident in Figure 4 was not, therefore, an artifact of reduced consumption; careful scrutiny of Figure 4A , in fact, suggests that sacc bout lengths rose slightly across the first half of the session while water bout length went down. The tendency to pause soon after the onset of highsacc licking (an explicit marker of neophobia) instead reveals a rapid AN beginning within minutes of the initial sampling.
The short initial licking bouts indicative of neophobia were ended by pauses that were themselves short-the shortest type of pause that has been described in the lick microstructure literature (Davis 1996) . In fact, our ability to observe AN to high sacc gradually declined as the length of the pause used to delineate bouts was increased in 50 ms increments to 500 ms (Figure 7) . The limited taste access to which rats were subjected would likely have encouraged brief pauses, and our results are consistent with this expectation; longer pauses were few (>1-s pauses, for instance, occurred on an average of only 1.3/trial) and uninformative. In this context, shorter pauses were nonrandom and therefore not merely "missed licks" (see Discussion).
Discussion
Neophobia attenuates in "real time"
Analyses of fluid consumption in 2 tasks-a traditional onebottle test and the two-choice BAT-yielded similar results: High-concentration saccharin (28 mM) evoked a neophobic response that attenuated by the second tasting session, and low-concentration saccharin (2.8 mM) caused no such response. Analysis of initial lick bouts in the BAT further illuminated the process of the AN, showing that AN can be observed to develop in a gradual manner starting within minutes of initial exposure.
The results of our one-bottle task essentially replicated the findings of past studies, in that the neophobic response was dependent on the concentration of taste stimulus-rats were neophobic only to higher concentrations of saccharin (specifically, 8.9, 28, and 89 mM) . These results, furthermore, were convergent with several distinct quantifications of licking data in the BAT, including full-session licks and initial lick bout size (the number of total licks in the first bout before a pause).
Having validated the use of licking data to measure AN, we delved more deeply into the possibility that AN occurs in real time by measuring the changes in first bout length over the course of a single session. Lick bout length has previously served as a marker of palatability (Davis and Perez 1993; Hsiao and Fan 1993; Davis 1996; Myers and Sclafani 2001; Dwyer 2009 ). Here, we show not only that initial bout length offers an accurate measure of the animal's neophobia to high-concentration saccharin but also that by this measure, this neophobia began to attenuate almost immediately.
The pauses that ended initial licking bouts were very brief-the shortest category of pause (Davis 1996 ) that has received intensive study (Allison and Castellan 1970; Hsiao and Fan 1993) save the average interlick interval itself (our 15-s trials, and the preparation that trains our rats to avidly approach the lick spout when it appears, allow for relatively few of the longer categories of lick bouts identified by Davis 1996) . Although such short pauses have been suggested to potentially reflect random "missed licks" (Davis 1996; Spector et al. 1998 ), our results demonstrate that they are in fact nonrandom, in that they do not appear at the same time across all conditions-they are instead specifically coupled to processes related to neophobia in a way that longer pauses are not (at least in the context of our BAT). Furthermore, although block-by-block full-trial consumption ratios did not themselves reveal significant within-session AN (data not shown), the across-session changes in these ratios did correlate mildly with across-session changes in initial lick bout length ratios (r 2 = 0.29, P < 0.05), a fact that further validates our choice of parameters, and suggests that consumption is simply not quite robust enough at this time scale to reliably reveal real-time AN.
Of course, the possibility must be considered that this within-session effect is not AN at all, but rather evidence of habituation/adaptation (Bartoshuk 1979) . If repeated exposure caused the saccharin to taste more and more like water as the session progressed (Bartoshuk et al. 1964) , the result would be data that resembles those presented in Figures 4 and 5, at least with regard to each session considered in isolation. There are several aspects of our results that are poorly explained in terms of adaptation (which is typically studied in human subjects), however. First, our stimulus delivery schedule is not typical of those used to produce adaptation: In most adaptation studies, the stimulus in question flows continuously across the tongue for many seconds or is delivered several times in succession across 1-2 min-much more frequently than our rats were exposed to saccharin. In fact, at least one study that alternated between a taste and water (as we do, although not on the same schedule) showed what appeared to be not adaptation but response enhancement (Halpern et al. 1986 ).
More definitively, adapted taste responses recover quickly, usually within a few minutes (particularly if the subject is allowed to rinse)-much more quickly than the 24 h separating session 1 from session 2 here (Bartoshuk et al. 1964; Halpern et al. 1986 ). The fact that the aversion to high sacc did not return at the beginning of session 2 is inconsistent, therefore, with an adaptation explanation of the session 1 effect, but is perfectly consistent with our AN explanation.
Next steps
Even though rapid AN has, to our knowledge, not been described previously, our findings are consistent with a large body of work suggesting that learning may be a 2-stage process (Green and Parker 1975) and with the (mostly in vitro) literature showing an (at least) 2-part cascade underlying long-term plasticity (Hanse and Gustafsson 1994; CastroAlamancos and Connors 1996; Nguyen and Kandel 1996; Abel and Kandel 1998) . Future experiments will elucidate the interplay between the oft-studied between-session AN and this newly described within-session AN by attempting to block the first part of this cascade-perhaps via presession infusions of the protein synthesis inhibitor anisomycin (Rodriguez-Ortiz et al. 2005 )-in isolation from the second, and by testing whether shorter-term AN (blocked perhaps by the kinase inhibitor PD098059; Berman et al. 1998 ) is necessary for the long-term stability of safe taste memory.
Additional future work on the relationship between shortlatency and long-term AN will vary either the number of trials in the first session or the intertrial interval. With these manipulations, we will be able to determine if: 1) the session 1 high sacc "learning curve" necessarily plateaus at the level observed for session 2 and 2) whether AN is more dependent on timing or on number of exposures. Furthermore, we will investigate how the licking microstructure changes with a protracted intersession time. It has been shown that there is a weaker AN when the time elapsing between sessions is longer (Aguado et al. 1994; De la Casa et al. 2003) ; it will be interesting to see how the licking behavior underlying this "impairment" of AN relates to the licking microstructure described above.
Conclusions
The above experiments have shown that AN can be as reliably detected in analyses of licking as when using a simple one-bottle test. Lick-bout analysis allows for a more temporally accurate measurement of tasting behavior, which in turn allows us to observe an AN occurring within minutes of the first taste of saccharin. These results provide further validation for the claim that AN represents a simple example of a general class of learning, whereby a "safe outcome" is essentially an effective stimulus that can be associated with a taste.
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